Background/Objectives: Prospective diet diaries may be more accurate than retrospective food frequency questionnaires (FFQ). The objective of this study was to compare FFQ and 7-day diet diary (7DD) measurements of fibre intake with the incidence of coronary heart disease (CHD). Subjects/Methods: We compared 7DD and FFQ fibre intake in a nested case-control study in a population of 25 639 men and women aged 40-79 years, surveyed in 1993-97 and followed up until 2007. Among 2151 CHD cases and 5354 controls, FFQ and 7DD fibre intake (6 g/day) was examined in relation to serum total cholesterol and CHD using linear and logistic regression adjusted for age and additionally for body mass index, physical activity, smoking status, family history of CHD, social class, diabetes, alcohol, energy, saturated fat and use of lipid lowering medication, antihypertensive medication or aspirin. Results: Age-adjusted serum total cholesterol was inversely associated with 7DD fibre among men and women, but with FFQ fibre among men only. In the multivariate analysis, associations with 7DD fibre were attenuated among men (regression coefficient À0.036 mmol/l, s.e. 0.021, P-value 0.087) and women (regression coefficient À0.069 mmol/l, s.e. 0.036, P-value 0.053), and were non-significant for FFQ fibre. Among men, age-adjusted CHD risk was inversely associated with 7DD fibre (odds ratio (OR) 0.84, 95% confidence interval (CI) 0.79-0.90), but not with FFQ fibre (OR 0.96, 95% CI 0.90-1.12). Among women, age-adjusted CHD risk was inversely associated with 7DD fibre (OR 0.83, 95% CI 0.75-0.93), and had a weaker inverse borderline-significant association with FFQ fibre (OR 0.93, 95% CI 0.87-1.01). Multivariate models yielded similar results. Conclusions: Inconsistencies in diet-CHD relationships in population studies may be associated with the use of different dietary assessment methods.
Introduction
It has long been acknowledged that it is not possible to measure dietary intake without error (Beaton, 1994) , and myriad ways exist for food intake to be misreported or miscalculated when diet is self-reported, including limitations of memory (Smith et al., 1991) or portion size estimation (Bingham, 2007) , and selective over-or underreporting of particular items (Johansson et al., 2001) . Biomarkers of nutrient intake provide objective dietary information, but are presently limited in number (Jenab et al., 2009) . Therefore, self-reported dietary data remain integral to observational studies.
Two commonly used methods include the food frequency questionnaire (FFQ), a retrospective list of food and beverage items and the diet diary (DD) , a prospective open-ended record that is completed for a specific number of days. Biomarker validation studies have yielded evidence of more accurate reporting of total energy (Mahabir et al., 2006) , protein and potassium (Rothenberg et al., 1993; Rothenberg, 1994; Bingham and Day, 1997; Bingham et al., , 2001 Klipstein-Grobusch et al., 1998; Day et al., 2001; McKeown et al., 2001) in the DD relative to the FFQ, though this is not a universal observation (Scagliusi et al., 2008) . In the absence of biomarkers, the relative accuracy of dietary assessment methods can be assessed by comparing diet-disease associations ascertained from different instruments. Several studies have detected expected diet-disease associations using 7DD but not FFQ data (Bingham et al., 2003b; Freedman et al., 2006; Dahm et al., 2010) , though there is evidence of equivalence between these instruments for other associations (Ward et al., 2010) . Drawing on data from the prospective EPIC-Norfolk study, the objective of this analysis was to compare the FFQ and DD estimates of fibre intake in relation to serum total cholesterol and the risk of coronary heart disease (CHD).
Materials and methods

Study design
Between 1993 and 1997, men and women aged 40-79 years were recruited from general practitioners' age-sex registers for the prospective EPIC-Norfolk study (Day et al., 1999) . The study was approved by the Norwich District Health Authority Ethics Committee, and all participants gave signed informed consent. Though this study was established as part of a 10 country collaboration on diet and cancer, EPICEurope (Riboli, 1992) , the aims of the EPIC-Norfolk cohort were broadened from the outset to encompass the wider determinants of a range of health outcomes. A selfadministered postal Health and Lifestyle Questionnaire, which included questions on education, employment history, physical activity, smoking, personal medical history and medication use, was completed by 30 445 individuals . Subsequently, 25 639 participants attended a health examination, where they submitted completed FFQs (sent previously via post), and received instruction on how to complete a 7-day DD (7DD), which was returned by post from 23 658 participants.
Fibre definition
The amounts of fibre in different foods in the EPIC-Norfolk database, which underlies calculations of fibre intake reported on both FFQ and 7DD, were obtained from McCance and Widdowson's The Composition of Foods (Holland et al., 1991) . Fibre was defined as non-starch polysaccharides, which are composed primarily of plant wall polysaccharides, such as cellulose, hemicellulose and pectin, but also include plant gums, mucilages and hydrocolloids (Englyst et al., 1987 (Englyst et al., , 2007 .
FFQ
The FFQ comprised a list of 130 food and beverage, and participants were asked to indicate their usual consumption over the past year, according to nine frequency categories.
The servings were common units of consumption (for example, slice of bread) or household measures (for example, glass, cup and spoon). Additional information was requested on the amount of visible fat on meat that is consumed, the most common types of milk and breakfast cereal consumed, and the type of fat most commonly used for frying or baking. An in-house programme, CAFÉ , was used to calculate the nutrient content (Welch et al., 2005) . Individuals who were missing 10 or more FFQ items were excluded from data calculation. Standard unit weights and average portion sizes were derived from the UK population data and weighed food records (HMSO, 1993; Bingham et al., 1994) . The CAFÉ programme used 275 food items from the nutrient database to calculate the nutrient intake based on the FFQ, with modifications based on the open-ended questions regarding fat, milk and cereal consumption.
7DD
Participants received instructions on how to fill out the 45-page 7DD at the health examination . Instructions for the provision of details for each type of food and drink were included, such as cooking method, type of fat or oil used in cooking, brand names or recipes used in cooking. Household tools for portion size estimation were listed, and 17 sets of colour photographs showing small, medium and large portions of different foods were also provided. A menu of portion sizes was available for each of the 11 000 food items, drawn from the DINER 7DD-entry programme database of over 25 000 combined possible entries .
Baseline characteristics
In the Health and Lifestyle Questionnaire, the term 'never smokers' was applied to those participants who responded 'no' when asked whether they had ever smoked one cigarette per day for at least a 1-year period. 'Former smokers' were those who responded 'yes' to the above question but were no longer smoking at the time of the Health and Lifestyle Questionnaire, whereas 'current smokers' had responded 'yes' and continued to smoke. Participants were asked to indicate whether they had been diagnosed by their doctor with a list of illnesses, including heart attack (myocardial infarction), diabetes, stroke and cancer, and were also asked whether any members of their immediate family had been diagnosed with any of the aforementioned conditions. Physical activity was assessed using a four scale classification, combining occupational and leisure time physical activity level (Wareham et al., 2003; Khaw et al., 2006) . Participants were asked about their current work status, their occupation at present and in the past, and if applicable, the occupational profile of their domestic partner. Their social class was then identified according to the Registrar General's occupation based scheme (Elias, 1993) . Women were assigned the social class of their domestic partner if this information was 
Biological measurements
Trained nurses collected measurements of height and weight and measured blood pressure using an Accutorr sphygmomanometer (Datascope, Cambridgeshire, UK). Anthropometric measurements were obtained on individuals wearing light clothing and no shoes. Body mass index was calculated as weight in kilograms divided by height in metres squared. A non-fasting blood sample (42 ml) was collected by venepuncture into plain and citrate bottles at the health examination and stored in a dark container overnight in a refrigerator at 4-7 1C (Day et al., 1999) . The samples were centrifuged at 2100 g for 15 min at 4 1C, and were transported the next day to the EPIC laboratory in Norfolk for processing. For each participant, 14 ml of the blood sample was stored in 28 (0.5 ml) straws containing either plasma, serum, red blood cells or buffy coat; these samples were stored at À196 1C in liquid nitrogen for analysis within the broader EPIC-Europe study (Day et al., 1999) . Serum levels (mmol/l) of total cholesterol, high density lipoprotein cholesterol and triglycerides were measured with the RA 1000 (Bayer Diagnostics, Basingstoke, UK), and low density lipoprotein (LDL) cholesterol (mmol/l) levels were calculated with the Friedewald formula (Friedewald et al., 1972) . Plasma ascorbic acid concentration was estimated with a fluorometric assay within 1 week of sampling (Vuilleumier and Keck, 1989) from plasma that was stabilised in a standardised volume of metaphosphoric acid and stored at À70 1C.
Case-control selection All participants were followed up through record linkage with national death certification and hospital record linkage (ENCORE). Incident fatal and non-fatal CHD events were identified using the International Classification of Diseases, Injuries, and Causes of Death (ICD9 410-414 or ICD10 120-125, which include myocardial infarction, unstable angina, angina pectoris, atherosclerosis, ischaemic heart disease, and coronary thrombosis). Endpoint data were collected between 1993 and 2007, with an average length of follow-up of 11 years.
Because of the resource intensive requirements for data entry and analysis of 7DD, the 7DD have not been entered for all participants for analysis of nutrient and food components. 7DD data had been entered for participants in previous nested case-control analyses when this analysis was undertaken. From the 15 542 participants who had both FFQ and 7DD data entered, a case-control sample was drawn for this analysis to enable direct comparison of the FFQ and 7DD in the same individuals. All individuals who reported prevalent cardiovascular disease (CHD or stroke) or cancer at baseline examination were excluded. Incident CHD cases were matched with up to three controls based on sex, date of birth (within 3 years) and date of health check (within 3 months). Controls were free of CHD at the 2007 follow-up. Not all CHD cases were matched with three controls as there were not always controls that met the matching criteria. The final case-control dataset included 113 cases with no controls, 252 cases with one control, 256 cases with two controls and 1530 cases with three controls. In total, there were 2151 CHD cases and 5354 controls.
Statistical analysis
Before analysis, potential outliers in the FFQ and 7DD dietary data were identified as those with intakes 43s.d. above or below the mean. Rather than excluding these participants from the analysis, these data points (B1% of the sample) were re-assigned the value of 3s.d. away from the mean. Alcohol intake (g/day) was rescaled into 8 g units, consistent with the United Kingdom definition of a 'unit' of alcohol, and categories of average units per day were created (none, 1, 2, 3 and X4).
Descriptive statistics were calculated to provide an overview of the health, lifestyle and demographic characteristics of the case-control sample. For continuous variables, the Wilcoxon signed-rank test was used to compare medians between cases and controls. For categorical data, a w 2 goodness of fit test was conducted to test for differences between cases and controls. For the majority of covariates, data was missing for o5% of participants; the exceptions are described in Table 1 .
Fibre intake from the 7DD and FFQ was examined in relation to serum total cholesterol and LDL cholesterol using linear regression. In these analyses, fibre intake was rescaled to units of 6 g/day (B1 s.d). Models were adjusted first for age and then additionally for potentially confounding health and lifestyle covariates (body mass index, physical activity, smoking status, family history of myocardial infarction, social class, diabetes at baseline, alcohol intake, energy from total fat, energy from non-fat sources, saturated fat intake and use of lipid lowering medication, antihypertensive medication or aspirin). Energy was partitioned into fat and non-fat sources, as there is evidence that fibre intakes correlate more strongly with non-fat energy intake (Bingham et al., 2003a) . Pairwise comparisons of the FFQ-and 7DD-derived associations between fibre intake (g/day) and serum total cholesterol were tested for significant differences using a test statistic, calculated as ((b1-b2)/O(variance (b1-b2)), where b1 and b2 are the linear regression coefficients for serum total cholesterol in relation to 7DD and FFQ fibre intake, respectively. The test statistic follows the standard normal distribution under the hypothesis that the two regression coefficients are the same. An estimate of the variance of the difference between b1 and b2 was calculated among 1000 bootstrap samples that were drawn with replacement from the original case-control data. The test statistic was calculated in the same way for the comparison of the LDL cholesterol-fibre association using 7DD and FFQ.
The risk of CHD in relation to fibre intake from the 7DD and FFQ was examined using logistic regression. An unconditional, that is, unmatched analysis was conducted to avoid the loss of participants within matched sets where data from any individual participant were missing. To account for matching, all analyses were adjusted for age and stratified by sex. Quintiles of fibre intake were derived from the control group, and the lowest quintile served as the reference group. The logistic regression models were adjusted first for age, and then additionally for potentially confounding health and lifestyle covariates, as described for the linear regression of fibre and serum total cholesterol. The models were further adjusted for serum total cholesterol to determine whether fibre intake was related to CHD independent of that potential mechanism. A test for trend was conducted by examining fibre intake as a continuous variable (per 6 g/day) in relation to CHD risk. Differences between the FFQ-and 7DD-derived associations between CHD risk and Data missing for o5% of the sample with the following exceptions: serum total cholesterol and triglycerides 5.5 % (n ¼ 412); HDL and LDL cholesterol 9.3% (n ¼ 700); ascorbic acid 10.4% (n ¼ 782) social class 16.5% (n ¼ 1239); aspirin use 16.5% (n ¼ 1239). b P-values were calculated with the Wilcoxon signed-rank test for continuous data and w 2 tests for categorical values. Stratification of the case-control comparison by sex yielded similar results to those above; as exceptions, median FFQ fibre (g/day) did not differ between cases and controls for men (P-value 0.44); among women only, FFQ energy (mJ) and saturated fat intake did not differ significantly between cases and controls (P-values 0.21 and 0.09, respectively).
fibre intake (6 g/day) were tested for significance as described above; in this case b1 and b2 refer to the log odds ratios (OR).
The risk of CHD was examined in relation to fibre from cereal, fruit and vegetable sources in the 7DD; corresponding data from the FFQ were unavailable due to limitations of the FFQ nutrient calculation software. In these analyses, the multivariate model was extended to adjust separately for plasma ascorbic acid, a biological marker for fruit and vegetable intake .
Multivariate adjusted analyses used all available data. Sensitivity analyses, including restriction of all analyses to participants with complete data on all covariates and matched conditional logistic regression, yielded results that were not materially different from those presented here. All statistical analyses were conducted with the Statistical Analysis Systems statistical software package version 8.0 (SAS Institute, Cary, NC, USA).
Results
Case-control characteristics There were 1377 incident CHD events among men and 774 among women in EPIC-Norfolk between 1993 and 2007. CHD cases were older and had higher mean serum total cholesterol, body mass index, LDL cholesterol, triglycerides, systolic blood pressure and diastolic blood pressure relative to the selected controls (Table 1) . For both the 7DD and the FFQ, cases reported lower intake of fibre, total energy, saturated fat and alcohol; however, stratification by sex indicated that FFQ fibre did not differ significantly between cases and controls among men. Compared with controls a relatively higher proportion of cases were men, reported diabetes at baseline, reported a family history of myocardial infarction, used aspirin for 43 months, and were from a social class defined as manual. Smoking status and physical activity level also differed between cases and controls.
Fibre intake from the 7DD and FFQ was inversely related to serum total cholesterol and LDL cholesterol among men and women in the age-adjusted linear regression analyses (Table 2) . After further adjustment for health and lifestyle characteristics, FFQ fibre was not related to serum total cholesterol or LDL cholesterol among men or women, whereas a marginally significant inverse association between 7DD fibre and serum total cholesterol was detected among men and women. LDL cholesterol was inversely related to 7DD fibre among men but not among women in the multivariate-adjusted analysis. Significant differences were detected only in the comparison of slopes from the 7DD and FFQ in relation to LDL cholesterol (b1 and b2) among men; all other regression coefficients were not significantly different from each other.
Among men, the age-adjusted risk of CHD was significantly lower in quintiles 2 through 5 of 7DD fibre intake relative to quintile 1, and the test for trend indicated that the risk of CHD was B16% lower per 6 g/day of 7DD fibre The regression coefficients for the 7DD and FFQ were compared using the test statistic described in the Materials and methods section. Table 3 ). Upon further adjustment for health and lifestyle characteristics, the risk of CHD was 39% lower in quintile 5 compared with quintile 1 (OR 0.61, 95% CI 0.47-0.79; Table 3 ), and the inverse trend across fibre intake persisted. Among men the OR for CHD associated with a 6g/day increase in fibre intake (as a continuous variable) were significantly different using FFQ and 7DD to measure intake (P-values o0.0001 and 0.006, respectively). With the exception of lower ageadjusted CHD risk in FFQ quintile 4, there was no association between FFQ fibre and the risk of CHD among men in any of the models under examination. These estimates were largely unchanged by further adjustment for serum total cholesterol. For women, the results were less varied across instruments. In the age-adjusted analyses, the risk of CHD was significantly lower in 7DD quintiles 2, 4 and 5 relative to quintile 1, with a significant test for trend (Table 3) . From the FFQ, the age-adjusted risk of CHD was lower in quintiles 3 and 4, and the test for trend was only marginally significant. After adjustment for health and lifestyle characteristics, none of the quintiles of 7DD fibre were significantly associated with CHD risk compared with the lowest quintile. However, the test for trend indicated that the risk of CHD was B16% lower per 6 g/day of fibre among women (OR 0.84, 95% CI 0.73-0.97; Table 3 ). The corresponding association for FFQ fibre was only marginally significant (OR 0.90, 95% CI 0.80-1.01). Further adjustment for serum total cholesterol did not materially affect the estimated association between CHD and 7DD or FFQ fibre. The test for differences between the log OR for CHD using FFQ and 7DD-measured fibre intake found that the age-adjusted estimates differed (P-value 0.023), but that multivariate estimates were not significantly different between instruments (P-value 0.43).
Among men, the risk of CHD was inversely associated with the intake of fibre from cereal and fruit in age-and multivariate-adjusted models (Table 4) . However, these associations weakened upon inclusion of plasma ascorbic acid in the analysis. Among women, fibre from fruit sources was inversely associated with CHD risk independent of multiple covariates including plasma ascorbic acid; neither vegetable nor cereal fibre was related to CHD risk. Abbreviations: BMI, body mass index; CHD, coronary heart disease; CI, confidence interval; FFQ, food frequency questionnaires; HDL, high density lipoprotein; LDL, low density lipoprotein; MI, myocardial infarction; OR, odds ratio; 7DD, 7-day diet diary. Model 1: logistic regression adjusted for age. Model 2: logistic regression adjusted for age, BMI categories, physical activity categories, smoking status, family history of MI, social class, diabetes, antihypertensive medication use, lipid lowering medication use and aspirin use, energy from total fat, energy from non-total fat, units of alcohol intake, and saturated fat intake Model 3: model 2 plus serum total cholesterol. a OR that share the same superscript letter were found to be significantly different (P-value o0.05) between the FFQ and 7DD.
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Discussion
In this analysis, serum total cholesterol was more strongly related to dietary fibre measured using a 7DD compared with using an FFQ. However, this difference was statistically significant among men only. In addition, lower CHD risk among men was associated with higher intake of fibre from the 7DD, but not the FFQ. Among women, a statistically significant inverse association was found between fibre intake and CHD risk, whereas the association was weaker using the FFQ. The quality and the breadth of covariate information within the EPIC-Norfolk study provided a unique opportunity for this analysis. Specifically, few studies have measurements of diet, serum total cholesterol, anthropometry and disease outcome, and the measure of selfreported physical activity in EPIC-Norfolk has demonstrated good reliability in several validation studies (Wareham et al., 2002 (Wareham et al., , 2003 . The absence of an association between FFQ-measured fibre and CHD risk among men was somewhat unexpected, given the inverse associations detected in previous cohort studies (Pietinen et al., 1996; Rimm et al., 1996; Todd et al., 1999; Wolk et al., 1999) . Furthermore, in a pooled analysis, 11 out of the 16 cohort studies used FFQs, and the inverse effect size was similar for men and women (Pereira et al., 2004) . However, within the pooled analysis, only a single study reported a significant, inverse association using an FFQ after adjustment for multiple covariates . These results that the FFQ may not capture sufficient heterogeneity of fibre intake within a single population, but is appropriate for the analysis of pooled data, when a wider range of intake has been collected from different populations.
In this analysis, there are potential limitations to the selection of cases and controls, the control of potentially confounding factors and the data used. The nested casecontrol sample was not randomly selected from the full cohort; rather, it was a random selection from participants whose data had been entered for previous case-control studies. With respect to confounding, there may not have been adequate control for factors related to both diet and to CHD risk, such as socioeconomic status. Both the FFQ and 7DD are subject to limitations in the entry and analysis of the dietary data. The limited number of items in the FFQ necessitates assumptions for the properties of the food reported (for example, use of raw tomato nutritional profile for all reported tomato consumption). With the 7DD, it is not always possible during data entry and nutrient calculation to incorporate the wealth of data reported by some individuals. It has been estimated that there are 150 000 food items in the United Kingdom (28); despite the capacity for updates, inevitably, gaps remain in the DINER database. Furthermore, recipe information cannot presently be used to modify the nutritional profile of that item in DINER, (for example, when white flour is substituted by wholemeal flour). The true diet-disease associations in this study may be underestimated as a result of the error from these limitations in dietary information. Additional potential limitations include the use of non-fasting blood for serum total cholesterol measurement, the absence of general practitioner's data to identify CHD cases and the use of partner's social class for some women. However, all of the limitations described here would have affected the analysis of both FFQ and 7DD fibre estimates, and therefore we do not believe they explain the differences detected between the two instruments. Dietary fibre constitutes a diverse collection of compounds, found at variable concentrations even in high-fibre foods such as fruits, vegetables and cereals (Englyst and Hudson, 1996) . The additional information collected by the 7DD on important contributors of fibre, such as details of fibre sources and portion size, might explain some of the discrepancies between the FFQ and 7DD. In this study, 7DD fibre from cereals and fruit was more strongly related to CHD risk than vegetable fibre; it is unknown if the FFQ would have yielded similar results for these particular fibre sources. Within EPIC-Norfolk, it has been noted that breakfast cereals and other cereals were underestimated by the FFQ relative to the 7DD among men, though not among women . Accuracy in the measurement of cereal fibre may be of particular importance for studies of diet and heart disease, as there is relatively more consistent evidence for an inverse association between cereal fibre and CHD compared with fruit and vegetable fibre Wolk et al., 1999) .
Differences between FFQ and DD were more pronounced among men than women. One validation study found evidence that the difference between FFQ and 4DD estimates increases across 'average' fibre intake (from the FFQ and 4DD combined) among men, suggesting that the FFQ underestimates relatively lower 4DD fibre estimates, and overestimates relatively higher 4DD estimates (Hudson et al., 2006) . Among women, no such trend was detected. Doubly labelled water studies indicate that women are more prone to under-reporting energy than men (Hebert et al., 1995 (Hebert et al., , 1997 . There is also evidence that energy reporting accuracy among women varies according to social desirability, adiposity and education level (Hebert et al., 1995 (Hebert et al., , 1997 (Hebert et al., , 2001 Scagliusi et al., 2009) . Therefore, the lack of evidence for significant differences between associations estimated using the FFQ and 7DD among women in this study may reflect a consistency of reporting error that extends across both instruments.
In conclusion, this comparison suggests that fibre may be better measured by the 7DD compared with the FFQ. This observation corresponds to several urinary nitrogen biomarker studies (Rothenberg et al., 1993; Rothenberg, 1994; Bingham and Day, 1997; Bingham et al., , 2001 Klipstein-Grobusch et al., 1998; Day et al., 2001; McKeown et al., 2001; Mahabir et al., 2006) and a pooled analysis of fibre and colorectal cancer (Dahm et al., 2010) . However, evidence that 7DD and the FFQ estimates of alcohol were similarly associated with CHD, suggesting that such differences may be specific to specific nutrients rather than existing instrument-wide (Ward et al., 2010) . The episodic nature of alcohol consumption, in contrast with a habitual dietary component such as fibre, may explain the contrast between the results of this study of fibre and those found for alcohol in EPIC-Norfolk (Ward et al., 2010) . To understand the extent to which heterogeneity amongst cohort study results can be attributed to differences between dietary instruments, further comparisons of diet-disease relationships analysed by multiple dietary assessment methods is required.
